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ALLLINU ALLOYS stress-corrosion cracking in t short transverse

direction has been issued by Alcoa.(
4 ) The alloys

The cavitation erosion of aluminum in forma- studied included a 7175 control and variations of
mide, ethanol, acetone, and glycerol, and wixtures 5.8 to 7.4 percent zinc, 2.0 to 2.5 percent magnesium,
with distilled water has been studied at the Cali- :and 2.1 to 2.7 percent copper, with either separate or

fornia Institute of Technology.0() Exposure condi- combined additions of zirconium, manganese, and

- tions were -'0.001 inch amplitude, 14 kliz frequency, chromium. All the alloys developed more attractive
and 27 C C81 F) temperature. The cavitation damage &c inations of strength and hardenability than the

( rates w6re less in the organics than in water. All 7175 control and exhibited equivalent or better-re-
except glycerol showed a monotonic decrease in dam- sistance to stress-corrosion cracking. The alloys
age going from pure water to pure organic. The with the optimum combinition of properties contained
water-glycerol solutions exhibited a minimum damage
rate in an equimolar solution. -Ethanol-glycerol Element Percent
solations produced a maximum in damage rate at a
mole ratio of 2 to 1 of glycerol to ethanol. Zinc 5.75 to 6.25

Magnesium 2.0 to 2.5
A quality-control test has been developed by Copper 2.1 to 2.6

Alcoa for determining the susceptibility of temper- Zirconium 0.09 to 0.15
ed 7178 and 7075 to exfoliation corrosion and stress- Silicon 0.10 max
corrosion cracking in the short transverse direc- Iron 0.12 max
tions.(2) The quality-control test was checked
against corrosion tests performed in acidifird salt The effect of microstructure on the stress-
spray and 3.5 percent NaCl solution (alternate im- corrosion-cracking susceptibility of a high-purity
mersion). The test consisted of measuring the po- Al-6.8Zn-2.3Mg alloy in 3.5 weight percent NaCl
tential of the aluminum alloy after 35 minutes in solution has been studied at Carnegie-Mellon Univer-

70/30 volume percent Cll30II/CCI4 con*-ining 5.5 g/l sity.(5) Results indicated that the type and size of
anhydrous CuCI2. A difference in potential of sev- the matrix precipitate controls susceptibility. The
eral hundred millivolts was developed between the width of the precipitate-free zone adjacent to grain
resistant and susceptible conditions (susceptible boundaribs did not appear to affect susceptibility.
was more posizive). This potential behavior was The effect of grain-boundary precipitates was not

attributed to the retention of copper on the surface clear, although it appeared that susceptibility could
of specimens undergoing ifitergranular corrosion and be influenced by the size and spacing of these preci-

to the absence of copper on the surface of specimens pitates under certain conditions. The degree of
undergoing pitting. The copper-covered surfaces susceptibility of a microstructure was found to de-

assumed the more positive potentials characteristic pend on the deformation process which occurs in the
of copper. microstructure, i.e., the more heterogeneous the

deformation, the moresusceptible the microstructure.
The mechanical, fracture, fatigue, and stress- The degree ofheterogeneity ofthe deformation process

corrosior properties of a Boeing-recommended alumi- appeared to depend on whethe- matrix precipitates can

num alloy (Alloy 21) have been evaluated by Boe- be deformed or ,.huther cross or duplex slip can oc-

i.ng.() The alloy contains 6.4 zinc, 2.5 magnesium, cur.

1.1 copper, 0.13 iron, 0.10 manganese, and 0.13 zir-
conium. A T6 + 35 hour at 325 F heat treatment BERYLLIUM ALLOYS

achieved a 25-ksi short-transverse stress-corrosion
threshold for smooth specimens. The mechanical The compatibility of beryllium with fluoro-
properties of the Alloy 21 were comparable to those carbon solvents has been studied at D[Pont.(

6) Un-
of 70,19-173. Tlhe fracture toughness was as good, alloyed beryllium samples were exposed 100 hours at
or better than, chat of other high-strength alumi- 130 F to the following: Freon TF, Freon INC, Freon
nun alloys. The smooth and notched-axial (tension- T-P35, and Freon T-P35 inhibited. The beryllium was

tension) fatigue properties were comparable to those found to be compatible with these solvents. Corro-
of 707S-T6 and 7075-T73. sion rates calculated from weight-change data were

0.02 mil/year in all solvents, and breakdown~of the

A final report on the development of a high- solvents was negligible.

strength aluminum alloy with improved resistance to
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IRON-BASE ALLOYS the cause of stress-corrosion cracking of sensitized
stainless steel in the Savannah River Rea cors. (10)

Steals Alumina growing on aluminum was found to absorb
chloride from water containing I to 2 ppm chloride

The effect of impurity additions of sulfur, ion at :00 C. Iron impurity in the alloy enhanced
phosphorus, carbon, chromium, and silicon + mangan- chloride absorption. Ir the range pf! 4 to 7, chlor-
ese on the fracture toughness and stress-corrosion ide release was greatest at pH 4 and least at pl S.
cracking (SCC) of 18Ni (300 grade) naraging steels Chloride was concluded -to be absorbed as the alumina
have teen studied at Carnegie-Mellon University.(7) is forme4 on the hot aluminum cladding on the fuel;
Stress-corrosion behavior was determined by testing the alumina spalls and is transported to the stainless
plane-strain fatigue-pracracked specirens in 3.S steel surfaces; chloride is released from the alumina
weight percent NaCI solution. The following results by the acidic reaction at anodic sites on the steel;
were obtained: the negative chloride ion is attracted to the posi-

tive anodic site.and initiates stress-corrosion crack-Fracture Resistance to

V'ariable Toughness SCC ing. Suggested remedies for minimizing cracking were:
(1) maintain the coolant at pff-S to minimize chlor-

iiigh-purity heat Increase None ide release, (2) eliminate-the use of chlorinated

( 0.005C) solvents as degreasing agents for aluminum, (3) add
inhibitors to the coolant, (4) install sacrificial

0.01 t2 0.06 car- Decrease Slight increase anodes, or (5) remove chloride-bearing. aluina from
bon the system.

Up to-0.03 phos- None Slight increase
photus additions NICKEL- AND COBALT-BASE ALLOYS

0.24 chromium addi- None Decrease The effect of environment-on the high-tempera-
tion ture erosion-corrosion of superalloys is described in

Up to 0.03 sulfur None None a paper from NASA Lewis Research Center. (I) The
additions effect of test methodson corrosion behavior and rela-

tive rating ranging from simple laboratory tests to
Silicon t mangan- Decrease Nonc complicated-rigs simulating engine conditions is dis-

ese adO'tions cussed. Also presented are examples of specific ef-
fects of such variables as thermal cycling, gas ye-

A practical conclusion was drawn from the results locity, and gas composition in corrosion resistance.
that for optimum stress-corrosion resistance and Thermal cycling, particulariy the frequency of cycl-
fracture toughness, the 18Ni maraging steel should ing, has a strong influence-on corrosion resistance.
be as low as possible in both carbon and chromium; The effect of high gas velocity was described as a
the level of the other elements is of much less im- combination-of erosion and accelcrated vaporization
portance. of protective scales.

J

Recently evolved Ratio Analysis Diagrams TITANIUM ALLOYS
(RAD) for characterization of resistance to fast
fracture and for interpretation to failure-safe de- Long-tern stress-corrosion tests have been
sign were extended-by the Naval Research Laboratory conducted by-the Marshall Space Flight Center on Ti-
to cover the case for stress-corrosion cracking in 6AI-4V alloy in fluids associated-with procesjqfg
high-strength steels.(8) The extension provided and pressure vessels in the Saturn V vehicle-.;
dual engineering definitions of flaw size-stress U-bend samples ,in triplicate were immersed in each
level requirements for failure by fast fracture and of the fluids for 2 years. Those exposed to abso-
stress-corrosion cracking. lute methanol failed in 3 to 5 days. The specimens

in the following solutions survived 2 years' exposure
Stainless Steels with no evidence of crackizg" RP-l fuel, acetone,

-Freon PCA (113), trichloroethylene, isopropyl alcohol,
The resistance of 18-18-2 stainless steel to ethyl :alcohol, distilled water, monometlhyl hydrazine

stress-corrosion ciack initiation and propagation (MMIf), hydraulic oil, MIL-II-5606, methylene chloride,
in boiling 42 percent MgC12 has been studied at U.S. methyl ethyl ketone, Aerozine 50, methanol (2 days'
Steel.( 9) The 18-18-2 was hot-roll bonded to a pre-exposure) plus NMI!, and methanol (2 days' pro-
second 18-18-2 alloy modified with molybdenum and exposure) plus Aerozine 50. In addition, welded
phosphorus additions which made it susceptible to specimens were stressed to 115 ksi (snap-in bent
stress-corrosion cracking. The resulting sheet was beams) and exposed for 2 years to trichloromonofluoro-
tested in the following conditions: cold worked, methane anP',trichlorotzfluoroethane with no evidence
annealed at 2000 F and annealed plus sensitized at of cracking.
1250 F. Half of each set of specimens were stressed
into U-bends with the 18-18-2 on the tension side The stress-corrosion behavior of Ti-6AI-4V
and half with the susceptible alloy on the tension alloy in methanol-water-sodium chloride solutions
side. No cracking failures occurred with the 18- is being studied at The Ohio State University.(1

3)
18-2 on -the tension side after 5 months' 'exposure In methanol-0.3 weight percent 1120-saturated NaCl and
(3750 hours) to the boiling 42 percent MgCl2. Cracks at stresses of 80 percent of yield strength, btress-
initiated in 70 to 284 hours where the susceptible corrosion cracking occurred over the potential range
alloy was on the tension side. These cracks propa- -650 mV to +500 mV (SHE). Applied potential had vir-
gated transgranularly to the interface and were tually no effect on crack velocity (about 0.003 mnm/
blunted %hcn they reached the 18-18-2 stainless. sec) once crack initiation had started. Increasing

the applied stress decreased the initiation and I
The DuPont Savannah River Laboratory has con- failure times and increased the crack-propagation

dusted ritical experiments to verify its hypothe- rate. Varying the water content produced a minima
5s that Lnloride in alumina corrosion product was in the initiation and time-to-failure curves at about -
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0.2 weight percent water but had no effect on crack- data are presented together with -those on environ-
ing velocity (about 0.603 m/sec). Increasing the mental health, toxicity, fire, and explosion hazards.
NaCl content from O.05 N to 0.20 N in the methanol- Also included are recommended methods for equipment
0.3 weight percent 1120 solution caused a progressive cleaning, firefighting, disposai, and means for pro-
decrease in crack initiation and failure tlme but viding personnel protection.
had no effet on crack vlocity (about 0.003 m/sec).

The rain erosion of aluminum 1145, polymethyl-
The effect of micrestrusture on the stress- methacrylate plastic and coated materials has been

corrosion cracking (SCC) susceptibility of Ti-7AI studied by Textron-Bell Aerosystens Company. (19)
and Ti-SAI alloys has been studied at the Naval Ship Drop sizes were 1.8 to 2.0-m and velocities were
Research and Development Laboratory.(14) Tests were 730 to 1120 ft/sec. in the aluminum, the weight loss
conducted in seawater with notched cantilever-bean due to erosion increased -with tine, though not mono-
specimens. The stress-corrosion fracture path was tonically. in the early stages of erosion, the pri-
transgranular with cracking primarily by cleavage. m "ry mechanism of weight loss was the shear off of
The SCC susceptibility was found to be dependent the lips of small, dimpled pits. In later stages,
.on the a2 (Ti3AI) precipitation reaction. The aging the pits deepened and aggregated, isolating small
of alpha-annealed Ti-7A1 alloys for times up to 120 islands of metal which were then lost. The erosion
hours at 1200 F caused increased susceptibility to of polynethylmethacrylate was similar, but the ini-
SCC. Aging for 500 hours produced a significant re- tiation and acceleration of erosion were the result
cover of SCC resistance indicating the dependency of the formation and propagation of brittle cracks.
of SCC on the coherency of a2 precipitates. The The erosicn of coated-composite materials depended
susceptibility was increased by large grain size on several factors including the hardness, of the coat-
and'a2 precipitation in Widmanstatten platelet ing. With soft coatings, such as urethane, erosion
boundaries. began with fracture'of the composite beneath the

coating, while with hard coatings, such as metal or
The effect of p!! on the stress-corrosion ceramic, the erosion began in the coating-material.

cracking of Ti-7A1-2Cb-lTa alloy in seawater has
been studied by the Naval Ship Engineering Center The rain-erosion resistance of protective coat-
and The International Nickel Company.(15) Stressed, ings on aluminum has also been studied in England.(20)
notched specimens were exposed to seawater adjusted Tests were conducted under standard conditions of
to pl! 1 toll.6 with appropriate additions of 1ICl or 1 in./hr rain at 500 miles/hr with an impact angle of
NaOfl. Cracking-was transgranular at all p11 levels 90 degrees. The coatings studied included poiyure-
studied. Cracking susceptibility decreased as the thane, neoprene, sprayed alumina, and nitrile rubber.
pit was increased from 1 to 7.4 and appeared to re- Polyurethane coatings were the most protective. To
main constant over the range p1 7.4 to 11.6o At achieve maximum performance fro coatings, it was es-
low pit, cracks were at 45 degrees to the surface, sential to apply them at least 0.010 in. thick and to
followed the orientation of alpha platelets, and obtain a good adhesive bond with the substrate. The
had a more ductile appearance. use of fillers to remove surface defects prior to

applying the coating to laminates was not satisfac-
The hot-salt stress-corrosion-cracking be- tory. A-better method was to apply a gel coat of the-

havior of titanium alloys is described in a paper same resin as used in the manufacture of the laminate.
from Lewis Research Center.(16) Attempts were made
to decermine why there have been no service failures At the National Bureau of Standards, cerro-
from this failure mechanism. A survey of engine sion rates obtained by polarization techniques have
manufacturers revealed that many titanium components been compared with rates obtained fron weight-change
in jet engines operate at temperatures and stress data using the same specimens.(21) The following ma-
conditions that cause failures in laboratory stud- terials were exposed 9 months to synthetic seawater
ies. Field surveys at engine-overhaul depots meas- at room temperature: ingot iron, ingot Fe-26.SNi
ured.salt deposits accumulated during flight that plus 2 to 20 Cr, Type 304 stainless steel, Ni-resist
were in excess of the minimum amounts that caused Type 1, Ti-4AI-4Mn, 9OCu-lONi, 70Cu-3ONi, Naval brass,
failures in laboratory tests. Studies in a dynamic aluminum brass, Admiralty brass, Olin alloy 194 (97Cu-
air facility simulating environmental conditions in 2.3Fe), Monel 400, Incoloy 825, and 5454 aluminum.
a compressor revealed that high-velocity, air flow Corrosion rates calculated from breaks in the polari-
did-not eliminate hot-salt cracking. Surface prep- zation curve (Pearson method) or from polarization
aration that proluced compressive surface stresses resistance (Stern-Geary method) agreed reasonably well
wasfoand to cause a marked reduction in susceptibil- with the actual weight losses. Also demonstrated was
it' tu hot-salt stress corrosion. that polarization techniques can be used to evaluate

galvanic effects on the anodic member of a galvanic
MISCELLANEOUS couple.

Chemical rocket/propellant hazards handbooks The corrosion of Inconel 600 and Zircaloy-2 in
have been issued by the Hazards Working Group JANAF p11 10 (LiOli) water at 288 C (550 F) has been studied
Propulsion Committee.(17,18) The publications are with linear-polarization techniques at knolls Atomic
a source of information and a set of basic guide- Power Laboratory.(22) Corrosion rates calculated -from
lines for the processing, handling, storage, and the linear-polarization data were correlated with
transportation of these materials. The handbook posttest weight-change measurements. With 35 cc
on chemical, solid, rocket propellants and propel- hydrogen/kg dissolved in the water, the electrochemi-
lant ingredients contains chapters on Hazard Analy- cally determined rates for Inconel 600 were much
sis; Propellant Manufacture; Packaging; Storage higher than those obtained from weight change. Good
Surveillance, and Transportation; Assembly, Launch agreement w,,s obtained in the results obtained for
and Static Test; Facilities; and Waste Disposal. Zircaloy-2 under the same conditions. With dissolved
The handbook on liquid propellants and oxidizers hydrogen in the water, the Inconel 600 was concluded
contains 21 ciapters on the safety and hazards as- to have a much higher exchange current for hydrogen
pects of some 30 materials. Chemical and physical than a corrosion current and thus an accurate



corrosion rate could not be determined by the linear-l~ar~aio =thd.(8) Judy. Jr.. 3. V., so Goode. LJ,. "Procedre for Stress-Corro-

polari~ation method. nsic Cracking Characterization &24 Interpretation-to Failurv-Safe
Design for li h.St ragth-Strels'. Final eport 6988 (AD 703210).

The solid-electrolyte technique has been used Naval Research Laboratory. Washington. D. C. (.*€ember Z9. 1969).

to study the oxidation rif iror. and molybdenum at (9) Davis. U. A.. "Resistance of Isr-li-2si Stainless Steel to
S'.rss Corrosion CracL,PropgtIon-In $oillog Nsgneslux Chloride".

Lewis Research Center. (23) Accurate kinetic and corrosion. 2S (3). 94-95 (srch 1970).

thermodynamic data were obtained-by this meth6d. Thc (10) OI rJoiu) R. S.. "A Mccbsniss for Stress Corrosion Cracking of

technique consisted of pressing a thin metal foil Stainess Steel in Reactor Systef"'. Report r-1019. savannah River
Laboratory. E. 1. du Pont do emours 6 Company. Inc.. Aiken, S. C..

(iron) onto an electrolyte disk (ZrO2 + CaO). A Contract AT(O7-2)-l (December, 1969).

mixture of CO and C02 was directed against the metal (1i) Probst. II. B.. * ffect of Envlronment on Erotion.Corion Proces-

foil, and air or oxygen was directed a-ainst the op- ses. Report NASA SP-207. ASA, Lewis Research Center, Cleveland,

vosite side of the electrolyte disk. Prior to heat- 0.. paper presented at the Aerospace Structural Materiis Confer-
toteerature, sufic ieyte oltag wa ence. ieois Research Cet* Cleril . 0.. November 1-19. 1969.

ing to temperature, sufficient voltage was imposed (12) Xilliamison, J. G.. "Stress Corrosion Cracking of TI-6AI-4V Titanium

on the cell to prevent oxidation and the CO/CO2  Alloy in Various Fluids-. Report NASA I X.53971 (.70 15043).

ratio was made slightly reducing. After thermal- NAA, George C. Marshall Space Flight Center. HIntsville. Ala.

equilibrium was obtained, the gas ratio was sudden- (1) (otber 19. 1969).

-13 Fontana. H. G..* "Corrosion Cra&.cioj of Metallic Materials". Report
ly changed to the desired level. Initially, -the AM TR-70.2. The Ufio State University. Columbus, O.,'Contract

potential dropped as oxygen was absorbed on the sur- Fp313S-69-CI2SBjJaauay 1970).

face. The potential then remained relatively con- (14) Cavllaro. J. L.. "The Embritt!eooet of Ti-7AI and 7i-SA1 -Binary
Alloys in Seawater". Report 3195. 4atlab-407 (AD 864737), Naval

stunt as the -foil was converted to the oxide (wUs- Ship Research and Development Laboratory. Annapolis. Md. (January

tite), after which the potential dropped to a lower 1970).

level depending on the oxygen differential. From (IS) Lityin. I. A., and ill, 3., "Effeitof pt on-Sea Water Stress Cor-

these data a linear reaction rate was calculated. rosion Cracting Shavrir of the Ti-7A,2C-I-a Alloy". Corrosion,
26 (3). 19-94 (March 1970).

(16) Gray. . R.. lit-salt Stress Corrosion of Titanium Alloys", R port

RERNCES NASA SP-227. NASA. Lewis Research Center, Cleveland, 0., paper pre-
sented at the Aerospace Structural aterials-Conference, Lewis

(1) Plesset, M. S., "Cavitation Erosion in Non-Ae'jeous Liquids", Report Research Center, Cleveland, 0.. November 15-19, 1969.

53.48 (AD 7032S6), Division of Engineering and Applied Science. (17) "Chemical Rocket/Propeliant Hazards, tolume li--Solid Rocket/Propel

Califoroia Institute of Technolgy, Pasaena. Calif., Contract lnt Processing. Handling, Sto age and Transportation", Report CPIA

.N00014-67-0094-009 (February 1970). Publication 194. Chemical Propulsion Information Agency, Johns Hop-

(2) Horst, Jr., R. L.. and Lifta, B. W.. "Prediction of Exfoliation and kins University. Silver Spring. d. , Contract 104 62-0604-c (May

Stress Crrosion Perft,-mnce of 7174-T6 :ad 707S.T6 Aluminum Alloy 1970).

Sheet and Plate", Corrosion. 2b (3). 111-417 (atch 1970). (18) "Chemical Rocket/7.-opellant Hazards. Volume Ill--Liquid Propellant

(3) Hyatt. Y. V.,* and Schimelbusch. 11. W.. "Development of a High- Iardling. Storage andTransportation"; Report CPIA Publication 194.

Strength Stress-Corrosion-Resistant Aluminum Alloy for Use in Thick Chemical Propulsion-Information Agenty, Johns Hopkins thiversity.

Sections". Final Report ABL-R-70-109, The Boeing Comany. Seattle. Silver Spring, Md., Contract NOw 62-0604-c (May 1970).

hash.. Contract AF 33(615)-3697 (gay 1970). (19) Morris, Jr., J. W., "Supersonic Rain and Sand Erosion Research,
Part ll-echanistic Investigation of Rain Erosion". Report AFML-

(4) Stale. J. T., "inve~tigation to Develop a Iigh Strength Stress- TR-69-287. Part II (AD 86S202). Bell Aersysters Company. tuffelo,
Corrosion Resistant-Aluminum Aircraft Alloy". Final Report. Alcoa N. Y., Contract F3561S-67-C-123S (Septembe.,1969).

Research Labs., New Kensington. Pa.. Contract N00019-69-C-0202
(January 20. 1970). (20) King, R. B.. "Rain Erosion - Part VII: An Assessment of Various

(5) DeArdo, Jr-, A. J.. ana ronsnd. R.0., "The Effect of Mlictstruc- Protective Coatings". Report TR 69137 (AD 697305), Royal Aircraft
( u) ontdSJreA..assorroionseptibiliy oEstablishment, Ministry of Technology, Farnborough Ilants, Englaud
cure on the Stress-Corrosion Susceptibility of an AI-Zn-Hg Alloy", (July 1969).

Technical Report. Carnegie-Mellon University. Pittsburgh. Pa.,

and Central Electric Ger.erating Bolnd Reieard. Laboratories, (21) Schwerdtfeger, W. J.. "Corrosion Rates of Metals, Alloys, and Gal-
teatherhead. Surry. England. Controct Nonr-760(31) (February 1970). vanic Couples as Measured by Polarization Techniques", Materials

(61 Gorski. R. A.. and Palatary. I., "Corpatibility of 'Freon' IF Sol- Research and Standards, 10 (3), 22-27, 58-S9 (March 1970).

vent and Solvent Forulations with Beryllium", Report kSS-SOSO-E. (22) !ndig, ., E., and Groot, C.. "Electrochenical Measurement of Corro.
"Freon" Products Division, E. I. du P~nt dr Nenours & (. pany. Inc., sion", Corrosion. 26 (S). 171-176 (May 1970)

.

hiiaington. Dela. (July 15. 1965). (23) Fitterer, G. R., Cassler, C. D.. and Mild, E. E., "Kinetics of Sur-

(71 Procter. R.P.M., and Paxton. I. K., "The Effect of Trace Impurities face Oxidation of Metals and Alloys Determined by Solid Electro.

on the Stress-Corrosion Cracking Susceptibility and Fracture Tough- lyte Techniques", Final Report, University of-Pittsburgh. Pitts-

ness of 18I (300 Grade) garaging Steel". Final Report, .Metals Re- burgh. Pa., NASA Grant NGR-39-0l-067 (June 1970).
search Laboratories. Olin Corporation. New laven. Conn.. and Carne-
gie-Mello University. Pittsburgh. Pa.. Contract Ninr-760(13) (Janu-
ary 1970).
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